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(57) Abstract 

Electroluminescent retroreflective article comprising: (a) a retroreflective member comprising (1) a cube comer member having a 
front surface and a back surface, the back surface having a plurality of cube comer elements protruding therefrom and (2) a seal film bonded 
to the back surface having a first surface oriented toward the cube comer elements and a second surface oriented away from the cube comer 
elements; and (b) and electroluminescent element bonded to the second surface of the seal film such that the electroluminescent element 
emits light incident to the seal film. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 
BB 


Bosnia and Herzegovina 
Barbados 


GE 
GH 


Georgia 
Ghana 


MD 
MG 


Republic of Moldova 
Madagascar 


TG 
TJ 


Togo 
Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 
UA 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/20375 



PCT/US97/20365 



ELECTROLUMINESCENT RETROREFLECTIVE ARTICLE 

Field of Invention 

The present invention relates to articles that 
5 are electroluminescent and retroref lective. 



Background 

Retroref lective articles, i.e., articles that 
return a substantial portion of incident light generally 

10 back toward the source, are used widely to make signs 

that are more visible, e.g., to motorists in approaching 
vehicles. Perhaps the two most common types of 
retroref lective materials are microsphere-based products 
and cube corner type products. Cube corner type products 

15 typically can provide brighter retroref lective effect 
than do microsphere-based materials. 

The utility of retroref lective signs is typically 
limited somewhat to those with an effective light source, 
e.g., motorists in vehicles. Retroref lective signs are 

20 often of less utility to those without an effective light 
source, e.g., pedestrians, persons in vehicles with 
malfunctioning headlights, etc. As a result, it is known 
to provide additional light sources, external 
illumination such as street lights or internal 

25 illumination to improve the visibility of signs having 
retroref lective portions on the face thereof. 

U.S. Patent No. 4,952,023 (Bradshaw et al . ) 
discloses an internally illuminated sign employing 
retroref lective sheeting with transmissive bonds. 

30 Although very effective, such signs may be unduly bulky 
for some applications. 

Another approach is to use what is sometimes 
referred to as self-luminous retroref lective articles, 
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e.g., articles that both retroreflect incident light as 
well as emit light in the same directions. 

U.S. Patent Nos. 5,237,448; 5,243,457; 5,300,783; 
and 5,315,491 (all Spencer et al.) disclose self- 
5 luminescent retroref lective articles. These articles do 
not provide desired performance. 

U.S. Patent No. 5,415,911 (Zampa et al.) 
discloses photoluminescent retroref lective sheeting. 
Such sheetings are not as bright as is desired for some 
10 applications. 

The need exists for self -luminescent 
retroreflective sheeting that is brighter and lighter 
than previously known self -luminescent sheetings. 

15 Summary of Invention 

The present invention provides an 
electroluminescent retroreflective article and an 
electroluminescent retroreflective sign. 

In brief summary, articles of the invention 

20 comprise 

(a) a retroreflective member comprising (1) a cube 
corner member having a front surface and a back surface, 
the back surface having a plurality of cube corner 
elements protruding therefrom and (2) a seal film bonded 

25 to the back surface of the cube corner member so as to 

form a plurality of sealed cells in which the cube corner 
elements have air interfaces, the seal film having a 
first surface oriented toward the cube corner elements 
and a second surface oriented away from the cube corner 

30 elements; 
and 

(b) an electroluminescent element bonded to the second 
surface of the seal film such that the electroluminescent 
element emits light incident to the seal film. 
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Articles of the invention provide exceptional 
visibility at night, providing both retroref lective 
effect and self-luminence . As a result, articles 
incorporating them such as road signs can provide 
5 improved effectiveness and enhancing safety. 

As used herein, whole light transmission is 
measured using JIS K-7105. 

Brief Description of Drawing 
10 The invention will be further explained with 

reference to the drawing, wherein: 

Figures 1 and 2 are each a cross-section of an 

illustrative embodiment of an electroluminescent 

retroref lective article of the invention. 
15 These figures, which are idealized, are not to 

scale and are intended to be merely illustrative and 

non-limiting. 

Detailed Description of Illustrative Embodiments 
20 An illustrative embodiment of the invention is 

shown in Figure 1 wherein is shown an electroluminescent 
retroref lective article comprising (a) retroref lective 
member 100 comprising cube corner member 1 having a front 
surface and a back surface, the back surface having a 
25 plurality of cube corner elements protruding therefrom 

and seal film 2 bonded to the back surface having a first 
or front surface oriented toward the cube corner elements 
and a second or rear surface oriented away from the cube 
corner elements, and optional cover layer 4; and (b) 
30 electroluminescent element 3 bonded to the second surface 
of seal film 2. The article further comprises optional 
application adhesive 5 on the back side thereof. Seal 
film 2 is sealed to front member 1 along a network of 
bonds 22 leaving cells 21 of cube corner elements with 
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air interfaces. Electroluminescent member 3 is made up 
of front electrode 32, light-emitting layer 33, 
insulating layer 34, and back electrode 35. In the 
embodiment show, electroluminescent member 3 is adhered 
5 directly to back side 31 of seal film 2. The adjective 
front is used herein to refer to the side or surface 
oriented toward observers and the adjectives rear and 
back are used synonymously to refer to the opposing side 
or surface. 

10 Another embodiment of the invention is shown in 

Figure 2 where like numerals represent corresponding 
components and features. In this embodiment,, front 
electrode 37 further comprises transparent film 36 and 
electroluminescent member 2 is adhered to back side 31 of 

15 seal film 2 with intermediate adhesive 6. 

The retroref lective member is typically 
polymeric, being a material that has a whole light 
transmission of at least 70 percent, preferably at least 
80 percent, more preferably at least 90 percent. 

20 The front surface is typically substantially flat 

and the back surface has a plurality of cube corner 
elements protruding or projecting therefrom. 

The cube corner elements may each be a protrusion 
or projection having a single cube corner formed by the 

25 intersection of three intersecting surfaces, e.g., such 
as is disclosed in U.S. Patent Nos. 4,588,258 (Hoopman) , 
4,775,219 (Appeldorn et al.), or U.S. Patent No. 
4,895,428 (Nelson et al.), or each protrusion or 
projection may possess more than one cube corner element, 

30 e.g., such as is disclosed in U.S. Patent No. 4,938,563 
(Nelson et al.). A number of different cube corner 
elements have been utilized or described to achieve 
different optical effect, e.g., increased retroref lective 
brightness at high or low entrance angles. One skilled 
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in the art can readily select a suitable type of cube 
corner element to provide the specific retroref lective 
performance desired of the resultant article. If 
desired, the article may utilize two or more types of 
5 cube corner elements to achieve special effects. 

A preferred cube corner type is an array of 
triagonal pyramids having base edges about 0.1 to about 
3.0 millimeters in length which are about 25 to about 500 
microns in height. 

10 The cube corner member is typically made of one 

or more polymers and may be a single layer or multilayer. 
Illustrative examples of suitable polymers include 
acrylics, epoxy-modif ied acrylics, polycarbonates, etc. 
The front member is typically preferably highly 

15 transparent and typically has a refractive index between 
about 1 . 4 and 1.7. 

An optional cover layer may be provided on the 
front surface of the cube corner member to impart such 
desired properties as abrasion resistance, receptivity 

20 for printing inks or other imaging media used to form 

graphic indicia on the front of the article, ultraviolet 
screen, etc. 

The seal film is typically between about 10 and 
1000 microns thick, typically has a softening point in 
25 the range of 80°C to 180°C, and typically has a whole 

light transmission of at least 20 percent, preferably at 
least 30 percent. 

When the seal film is used as a light diffusing 
element, its whole light transmission is preferably 
30 between about 20 and 80 percent, more preferably between 
about 25 and about 75 percent. 

When optimum self-luminescent brightness of the 
article is desired, the whole light transmission of the 
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seal film is preferably at least 80 percent, more 
preferably at least 90 percent. 

The seal film can be produced by any suitable 
technique, extrusion is often preferred. 
5 Illustrative examples of polymers which can be 

used to make the seal film include polyesters, acrylics, 
polyurethanes, vinyl chlorides, polycarbonates, 
polyamides, polyvinyl fluorides, polybutyrates, and the 
like. 

10 The seal film is sealed to the cube corner member 

under heat and pressure, typically applied in a pattern 
of intersecting bonds. An illustrative method of choice 
of materials is disclosed in U.S. Patent No. 4,025,159 
(McGrath) . The seal film is laminated to the cube corner 

15 member at a temperature higher than the softening 
temperature of the seal film, typically preferably 
between about 100 and about 300°C. 

The seal film is typically sealed to the cube 
corner member in a pattern of intersecting bonds defining 

20 a plurality of minute cells. Typically it is preferred 
that the area of a cell be between about 2.5 and about 40 
square millimeters (mm 2 ) , preferably between about 5 and 
about 30 mm 2 . When the area of a cell is less than about 
2.5 mm 2 , resultant retroref lective brightness may be lower 

25 than desired. When the area of a cell is greater than 
about 40 mm 2 , the resultant sheeting tends to be subject 
to greater damage upon impact and flexing, more likely to 
wrinkle, and the cube corner member may be more easily 
broken or damaged. 

30 The areas at which the seal film is sealed to the 

cube corner member are optically transmissive such that 
light rays emitted by the electroluminescent member are 
transmitted through the seal film and cube corner member 
to be emitted from the front face of the article. Such 
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constructions are known to those skilled in the art. For 
example, the aforementioned U.S. Patent No. 4,952,023 
(Bradshaw et al.) discloses such form of cube corner 
member and seal layer and is incorporated herein in 
5 reference in its entirety. 

The total area of the face of the sheeting that 
is made up of seal legs is typically between about 10 and 
85 percent, preferably between about 20 and 70 percent, 
more preferably between about 30 and 60 percent. When 

10 the area is above 85 percent, the resultant 

retroref lective brightness is reduced undesirably. When 
it is less than 10 percent, the strength of the bond to 
the cube corner member is typically too low, such that 
the resultant sheeting is subject to delamination of the 

15 seal film from the cube corner member. 

In cases where the seal film is a semitransparent 
or translucent film having diffusion properties, the 
total seal leg area is typically not above 70 percent. 

The electroluminescent member ("EL member") is 

20 attached to the back side of the seal film in such a way 
that the EL member emits light which is transmitted 
through the seal film and through the cube corner member 
so as to be visible from the front of the resultant 
article. Preferably the EL member emits visible light in 

25 a brightness of at least 13 candela/square meter (cd/m 2 ) . 

As discussed above, with reference to Figure 1, 
EL member 3 typically comprises, in order, transparent 
conducting layer 32 (sometimes referred to as the front 
electrode) , light-emitting layer 33, insulating layer 34, 

30 and back electrode 35. 

As shown in Figure 2, EL member 3 may further 
comprise transparent film 36, e.g., on the front side of 
the front electrode. Typically a polymeric film of high 
transparency it can be used to form a more conveniently 

7 
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used or more robust front electrode* Illustrative 
examples of polymeric materials that can be used to form 
such a film include films of acrylics, blends of acrylic 
and f luororesins, polyesters, polycarbonates, etc. The 
5 film surface is preferably treated to impart desired 
adhesion properties to the seal film or intermediate 
adhesive and to the transparent conductive layer. 
Several commercial transparent conductive films 
comprising a transparent film with a surface coated with 

10 a transparent conductive layer are available and suitable 
for use in this invention. 

In some embodiments, the EL member is adhered 
directly to the seal film. For example, the seal film 
and front layer of the EL member comprise compatible 

15 polymers. In other embodiments, the EL member is adhered 
to the seal film with an intermediate adhesive layer. 
This adhesive layer should provide desired adhesion to 
both adherends, withstand conditions under which the 
resultant article is expected to be used, and be highly 

20 transparent such that much of the light emitted by the EL 
member will be emitted form the front of the article. 
Illustrative examples of suitable adhesives include 
acrylic adhesives synthesized by solution polymerization 
or ultraviolet radiation polymerization, hot melt 

25 adhesives, pressure sensitive adhesives, thermally 
activated adhesives, etc. 

The transparent conductive film is preferably 
made of an indium-tin oxide (In203~Sn02) mixture which 
has a low specific resistance of about 10~ 4 fi«cm. The 

30 conductive layer can be formed by any suitable means. 
For example, it can be formed by directly applying the 
ITO film on the seal film by vacuum deposition or 
sputtering, or by dispersing ITO pigment in a transparent 
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resin to yield a coating composition that can be applied 
to the seal film to form the desired layer, etc. 

The surface resistivity of the transparent 
conductive layer is preferably about 500 ft/cm 2 or less, 
5 The light-emitting layer preferably comprises a 

polymeric material or matrix resin having a high 
dielectric constant in which a light-emitting 
electroluminescent material has been dispersed. 

Illustrative examples of suitable polymeric 
10 materials include cyanoethylcellulose and f luororesins . 
Other suitable polymers can be readily selected by those 
skilled in the art. 

A preferred example of suitable a light-emitting 
electroluminescent material is zinc sulfide doped with 
15 copper or manganese. Those skilled in the art will be 
able to readily select suitable electroluminescent 
material, taking into consideration such as factors as 
conditions of humidity, temperature, sun exposure, etc. 
in which the final article will be used, desired color of 
20 light emission, available power sources, etc. 

The .particles of light-emitting 
electroluminescent material may be coated, e.g., with a 
transparent oxide film, to improve the durability and 
resistance to humidity thereof. For example, U.S. Patent 
25 No. 5,156,885 (Budd) discloses encapsulated phosphors 
that would be useful in articles of the invention. 

The EL material may be selected to emit the 
desired color, e.g., white, red, blue, green, blue-green, 
orange, etc. Two or more different EL materials may be 
30 used in combination to generate the desired color. The 
materials may be dispersed throughout a single layer, or 
two or more layers may be overlaid upon one another. 

The amount of electroluminescent material in the 
light emitting layer is -dependent in part upon the 
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brightness of emission that is desired and inherent 
brightness of the EL material. Typically the layer will 
contain between about 50 and about 200 parts by weight of 
EL material per 100 parts by weight of the matrix resin. 
5 The insulating layer is typically made of a 

polymeric material having a high dielectric constant, 
e.g., cyanoethylcellulose or fluororesins in which a 
pigment (e.g., PbTi0 3 , BaTi0 3 , SrTi0 3 , Y20 3 , Ti0 2 , Si0 2/ 
A1 2 0 3 , etc.) having a high dielectric constant is 

10 uniformly dispersed. 

The pigment loading is typically preferably 
between about 30 and about 100 parts by weight per 100 
parts by weight of resin. If the loading is too low, 
resultant insulation properties may be too low. If the 

15 loading is too high, it may be difficult to uniformly 
disperse the pigment, yielding a film that has a rough 
surface . 

Illustrative examples of suitable polymers 
include acrylics, blends of acrylic and. fluororesins, 

20 polyesters, polycarbonates, etc. 

The back electrode can be formed from any 
suitable electrically conductive material. Illustrative 
examples include metals such as aluminum and magnesium 
which can be easily laminated by vacuum deposition. 

25 Another example is carbon paste which can be laminated as 
a preformed film or by coating or applying, e.g., screen 
printing. 

The EL device emits light when an electric 
current is applied to the element by connecting a power 
30 source to two terminals which are bonded to the 

transparent conductive layer and the back electrode. The 
electric current may be a direct or alternating current 
and typically has a voltage of between about 3 and about 
200 volts, and in the case of alternating current, 
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typically has a frequency of between about 50 and about 
1000 Hertz. Illustrative direct current power sources 
include, dry cells, wet cells, battery cells, solar 
cells, etc- Alternating current can be applied through 
5 an invertor which changes the voltage or frequency of the 
alternating current or converts the current between 
direct and alternating current. 

The article typically further comprises an 
optional application adhesive on the back side of the 

10 article, e.g., on the back side of the back electrode 
layer. This adhesive is used to bond the article to a 
desired substrate, e.g., a metal panel, building surface, 
etc. A suitable adhesive can be readily selected by one 
skilled in the art, considering such factors as the 

15 environment to which the article will be exposed and 
used, e.g., temperature extremes, temperature cycles, 
humidity extremes, and cycles, length of use, condition 
of application, etc. Many suitable acrylic adhesives are 
well known for providing excellent durability in adhesion 

20 to aluminum substrates and outdoor use. 

Articles of the invention can provide effective 
retroref lection and self -illumination properties across 
their surface. They can be made in thin forms that are 
easily applied to substrates and existing surfaces to 

25 provide signs. They can be made in flexible form. In a 
common use, graphic indicia in desired form, e.g., a STOP 
legend, will be mounted, adhered, printed, painted, or 
otherwise applied to the front surface of the article. 

Further details of the invention are defined in 

30 the features of the claims. 



Examples 

The invention will be further explained by the 
following illustrative examples which are intended to be 
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non-limiting. Unless otherwise indicated, all amounts 
are expressed in parts by weight. 

Unless otherwise indicated, the following test 
methods and approaches were used to evaluate the 
5 sheetings. 

Thickness : Thickness of the electroluminescent 
retroreflective sheetings were measured after removal of 
the release liner. 

Reflectance Y (Whiteness) : Reflectance Y, a 
10 measurement of whiteness, was measured when the 

electroluminescent layer was not activated with a £80 
(from Nippon Denshoku Kogyo) using D65 light source at a 

view angle of 10°. 

Retroreflective Brightness : Retroreflective 

15 brightness of the sheeting was measured when the 

electroluminescent layer was not activated using a Gamma 
Scientific Model 920 Spectrophotometer. 

Self-Luminence ; Self luminescence of the article 
and of the EL member alone was measured in a dark room by 

20 applying an alternating current (120 V, 600 Hz) using a 
PC 500L Inverter (from Kikusui Company) to activate the 
sheeting and brightness was measured using a MINOLTA™ LS- 
110 Light Meter (from Minolta Corporation), with the 
distance betwen the light meter and the sheeting being 1 

25 meter. 

Visibility : Was measured in. the same way 

retroreflective brightness was except an alternating 

current was applied as in the Self-Luminence Test. 

Day/Night Appearance : A legend was printed on 

30 the front surface of the sheeting using red ink for 

traffic signs. The Day/Night Appearance was rated as OK 

if the color and visibility of the legend was readily 

visible and unchanged under daytime conditions (ambient 

light as well as self-luminescence activated as in Self- 

12 
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Luminence Test) , under nighttime conditions (dark ambient 
conditions) with the face illuminated by vehicle 
headlights and the self-luminence not activated, with the 
face illuminated by vehicle headlights and the sheet 
5 self-luminence activated as in the Self -Luminence Test, 
and with the sheet self-luminence activated as in the 
Self-Luminence Test with no headlights. 



Example 1 

10 A seal film (white polyester film having a whole 

light transmission of 46.5 percent) was placed on the 
back surface of a cube corner sheeting (polycarbonate, 
having a whole light transmission from the back surface 
of 100 percent) and heat embossed to the cube corner 

15 member by passing between a flat roll and an embossing 
roll at a pressure of 4.2 kg/cm 2 and an embossing roll 
temperature of about 260°C. 

The seal pattern was an array of substantially 
uniform squares each having an area of about 10 mm 2 . The 

20 total area of the seal legs was about 38 percent. 

A top film (colorless transparent film of impact 
resistant polymethyl methacrylate) was fusion bonded to 
the front surface of the cube corner member to yield the 
An ITO transparent conductive paste (SC-109 from 

25 Tohoku Kako) was knife coated over the back surface of 
the seal film at a bar setting of 100 microns and dried 
at 85°C for 3 minutes to form a transparent conductive 
layer. 

Twenty three parts of Type 830 Phosphor from 
30 Osram Sylvania Company (an electroluminescent phosphor 
which provides a white fluorescence under an applied 
electric field and that is believed to contain 
copper/manganese-activated zinc sulfide and copper- 
activated zinc sulfide) was uniformly dispersed in 100 

13 
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parts of solvent (toluene and methanol in 4:1 weight 
ratio) containing 23 parts of cyanoethyl-cellulose resin. 
The composition was knife coated over the transparent 
conductive layer at a bar setting of 80 microns and 
5 dried. This cycle was repeated once more to yield the 
light-emitting layer. 

Twelve parts of titanium dioxide (TAIPKE™ CR-90 
from Ishara Industries) was uniformly dispersed in 100 
parts of solvent (toluene and methanol in 4 : 1 weight 

10 ratio) containing 23 parts of cyanoethyl-cellulose resin. 
The composition was knife coated over the light-emitting 
layer at a bar setting of 100 microns and dried at 85°C 
for 2 minutes. This cycle was repeated once more to 
yield the insulating layer. 

15 Aluminum was then vapor deposited on the back 

side of the insulating layer in a vacuum of about 5 x 10" 6 
Torr to form the back electrode. 

A liquid comprising 100 parts of an acrylic 
tackifier (SK 1310 from Soken Chemical Company) and 1.5 

20 parts of an isocyanate crosslinking agent was coated on a 
silicone-coated release liner and dried. It was then 
laminated to the back side of the back electrode to act 
as the application adhesive. 

The resultant retroref lective sheet was cut in 

25 the size and shape of an aluminum substrate for a traffic 
sign (an equilateral triangle having sides of about 533 
millimeters in length and corners rounded at a radius of 
curvature of about 33 millimeters), terminals bonded to 
the transparent conductive layer and the back electrode, 

30 and the release liner removed. The retroref lective sheet 
was then adhered to an aluminum sign panel using the 
application adhesive. 

A thumb nail was applied to the edge of the cut 
sheeting and a force applied attempting to peel the 

14 
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retroref lective element from the seal film, but the two 
were not separated. 

The results obtained are shown in the Table 1 

below. 

5 

Example 2 

A seal film (white polyester film having a whole 
light transmission of 90.3 percent) was placed on the 
back surface of a cube corner sheeting (polycarbonate, 
10 having a whole light transmission from the back surface 
of 100 percent) and heat embossed to the cube corner 
member by passing between a flat roll and an embossing 
roll. 

The seal pattern was an array of substantially 

15 uniform squares each having an area of about 9 mm 2 . The 
total area of the seal legs was about 4 6 percent. 

A top film was fusion bonded to the front surface 
of the cube corner member as in Example 1. The whole 
light transmission from the back side to the front side 

20 was 85.7 percent. 

A liquid comprising 100 parts of an acrylic 
tackifier (SK 1310) and 1.5 parts of an isocyanate 
crosslinking agent was coated on a silicone-coated 
release liner and dried, and then applied to the back of 

25 the seal film to provide an intermediate adhesive layer. 
This product is referred to as Intermediate A. 

Separately, the same composition as used in 
Example 1 to form the light-emitting layer was knife 
coated onto a transparent conductive film (TETLIGHT™ TCF 

30 from Oike Industries) in two cycles as in Example 1. 
After drying this procedure was repeated to yield a 
light-emitting layer/transparent conductive layer 
composite . 
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The insulating layer, back electrode, and 
adhesive layer were formed on the light -emit ting layer in 
the same manner as in Example 1 to form what is referred 
to as Intermediate B. 
5 The release paper was removed from Intermediate A 

and Intermediate A adhered to the front side of 
Intermediate B. 

The resultant sheeting was cut, terminals bonded 
thereto, and applied to a substrate as- in Example 1. 
10 A thumb nail was applied to the edge of the cut 

sheeting and a force applied attempting to peel the 
retroref lective element from the seal film, but the two 
were not separated. 

The results obtained are shown in the Table 1 

15 below. 

Example 3 

A self-luminescent retroref lective sheeting was 
formed as in Example 2, except Intermediate A was made 

20 using the retroref lective element like that in Example 1 
and a white-emitting electroluminescent element 
LUMI SHEET™ WH (from Kabushikikaisha Seikosha, believed to 
contain a mixture of blue-green emitting phosphor and red 
dye) was used in place of Intermediate B. 

25 The results obtained are shown in the Table 1 

below. 

Also, the wide angle retroref lective properties 
of the resultant sheeting are illustrated in Table 2 (EL 
not activated) and Table 3 (EL activated) , measured as 
30 described in JIS Z 9117 for indicated incidence and 

observation angles. Incidence Angle is the angle between 
a reference axis perpendicular to the surface and the 
axis from the light source to the surface (Incidence 
Axis) and Observation Angle (sometimes referred to as 
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View Angle) is the angle between the Incidence Axis and 
the axis from the surface to the observer (the 
Observation Axis) . From these results it can be seen 
that self-luminence capabilities of articles of the 
5 invention can improve the visibility and hence utility of 
retroref lective articles such as signs at high incidence 
angles and high observation angles. 

Example 4 

10 An article of the invention was made as in 

Example 2 except a white-emitting electroluminescent 
element LUMISHEET™ WH was used in place of Intermediate 
B. 

The results obtained with this article. are show 
15 in Tables 1-3. 



Table 1 



Example No. 


1 


2 


3 


4 


Thickness (microns ) 


437 


725 


617 


695 


Reflectance Y (%) 


46.85 


43.79 


40.50 


36.31 


Retroref lective 
brightness (cd/lux/m 2 ) 


462 


1187 


480 


895 


Self -Luminance- 
Article (cd/m 2 ) 


4.84 


5.53 


43.9 


59.3 


Self -Luminance- EL 
Member (cd/m 2 ) 




13.23 


112.7 


113.8 


Visibility (cd/lux/m £ ) 


465 


1191 


540 


986 


Day/Night Appearance 


OK 


OK 


OK 


OK 
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Table 2 



Example 


inciaent 
Angle 


View all^Xc 

of 0.5° 


of 1.0° 


Vi.Cn Oll^XC 

of 2.0° 


3 


5° 


301 


92.0 


10.8 


25° 


135 


46.0 


8.12 


45° 


70.4 


29.7 


10.8 


65° 


18.9 


13.5 


5.41 


4 


5° 


388 


39. 6 


2.83 


25° 


272 


45.2 


2.83 


45° 


153 


53.7 


2.83 


65° 


33.9 


22.6 


5.66 


Table 3 


Example 


Incident 
Angle 


View angle 
of 0.5° 


View angle 
of 1.0° 


View angle 
of 2.0° 


3 


5° 


306 


94.7 


16.2 


25° 


141 


51.4 


13.5 


45° 


75.8 


35.2 


13.5 


65° 


21.6 


18.9 


10.8 


4 


5° 


394 


45.2 


8.49 


25° 


283 


53.7 


11.3 


45° 


161 


59.4 


11.3 


65° 


36.8 


28.3 


8.49 



5 Various modifications and alterations of this 

invention will become apparent to those skilled in the 
art without departing from the scope and spirit of this 
invention. 
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What is claimed is: 

1. An electroluminescent retroref lective article 
comprising: 

(a) a retroref lective member comprising (1) a 
5 cube corner member having a front surface and a back 

surface, said back surface having a plurality of cube 
corner elements protruding therefrom and (2) a seal film 
bonded to selected portions of said back surface and 
having a first surface oriented toward said cube corner 
10 elements and a second surface oriented away from said 
cube corner elements; 
and 

(b) an electroluminescent element bonded to said 
second surface of said seal film such that said 

15 electroluminescent element emits light incident to said 
seal film. 



2. A self -luminescent retroref lective sign 
comprising the article of claim 1 adhered to a substrate, 
20 further comprising a graphic indicia on the front of said 
article . 
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Fig. 2 

22 




36 



INTERNATIONAL SEARCH REPORT 



International Ucatlon No 

PCT/US 97/20365 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G02B5/124 



According to International Patent Clas3ificatiomlPC) or to both national claasilication and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G02B G02F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms usea) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 315 491 A (SPENCER ANDREW B ET AL) 
24 May 1994 

cited 1n the application 
see column 7, line 66 - column 9, line 62 
see column 11, line 43 - column 12, line 
53; figures 2-5,11-17 

WO 94 21094 A (MINNESOTA MINING & MFG) 15 
September 1994 

see page 3, line 3 - page 4, line 15 
see page 6, line 29 - page 7, line 12; 
figures 1,2,4 

-/- 



1,2 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



' Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international tiling date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 



Date of the actual completion of the international search 



5 March 1998 



Date of mailing of the international search report 



13/03/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL • 2280 HV Rijswijk 
Tel. (+31*70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



THE0PIST0U, P 



Form PCT/IS A/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Internation; plication No 

PCT/US 97/20365 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document, with indication. where appropriate, of the relevant passages 


Relevant io claim No. 



US 5 415 911 A (ZAMPA DANIEL E ET AL) 16 
May 1995 

cited in the application 
see column 4, line 7 - column 5, line 47 
see column 6, line 56 - column 7, line 65; 
figures 1-4,10,11 

US 3 012 164 A (J. FRANZONE ET AL) 5 
December 1961 

see column 2, line 9 - column 4, line 14; 
figures 1-12 

US 4 025 159 A (MCGRATH JOSEPH M) 24 May 
1977 

cited in the application 
see column 3, line 31 - column 4, line 8 
see column 5, line 66 - column 6, line 26; 
figures 2,3,5-8 

US 4 208 090 A (HEENAN SIDNEY A) 17 June 
1980 

see column 3, line 51 - column 7, line 40; 
figures 4-8 



1,2 



1,2 



1 



Form PCT/1SA/210 (continuation ol second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Inforiuuiion on palent family members 



Patent document 


Publication 




Patent lamily 




Publication 


cited in search report 


date 




niember(s) 




date 


US 5315491 A 


24-05-94 


US 


5300783 A 


05-04-94 




AU 


5127093 A 


26-04-94 




CA 


2144071 


A 


14-04-94 




EP 


0669008 A 


OA An AT 

30-08-95 




JP 


8502131 


T 


05-03-96 




WO 


9408259 


A 


14-04-94 


WO 9421094 A 


15-09-94 


EP 


0639318 A 


22-02-95 




JP 


7506683 T 


20-07-95 


US 5415911 A 


16-05-95 


AU 


6235894 


A 


29-08-94 




CA 


2155738 


A 


13-08-94 




CN 


1120309 


A 


10-04-96 




EP 


0725609 


A 


14-08-96 




IL 


108552 


A 


16-10-96 




WO 


9417766 


A 


ig-08-94 




ZA 


9400838 


A 


16-09-94 




AU 


3436393 


A 


03-08-93 




CA 


2128113 


A 


22-07-93 




CN 


1075374 


A 


18-08-93 




EP 


0631670 


A 


04-01-95 




MX 


9300209 


A 


01-07-93 




NZ 


246793 


A 


27-08-96 




PL 


171563 


B 


30-05-97 




WO 


9314422 


A 


22-07-93 




ZA 


9300314 


A 


19-08-93 


US 3012164 A 


05-12-61 


NONE 






US 4025159 A 


24-05-77 


AT 


376503 


B 


26-11-84 




AU 


2235077 


A 


20-10-77 




CA 


1064449 


A 


16-10-79 




CH 


614544 


A 


30-11-79 




0E 


2706589 


A 


25-08-77 




FR 


2341872 


A 


16-09-77 




GB 


1547043 


A 


06-06-79 




JP 


1481371 


C 


10-02-89 




JP 


52110592 


A 


16-09-77 




JP 61013561 


B 


14-04-86 




SE 


433060 


B 


07-05-84 



Form PCT/ISA/210 (patent tampy annex) (July 1092) 



page 1 of 2 



Internationr plication No 

PCT/US 97/20365 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



US 4025159 A 



US 4208090 A 



Publication 
date 



17-06-80 



Internationc plication No 

PCT/US 97/20365 



Patent family 
member(s) 



SE 7701587 A 



BE 
CA 
DE 
DE 
FR 
G6 
SE 



711381 
1063570 
1797632 
1772038 
1554530 
1189055 



329862 B 



Publication 
date 



18-08-77 



28-08-68 
02-10-79 
30-12-76 
07-01-71 
17-01-69 
22-04-70 
26-10-70 



Form PCT/ISA/210 (patent family annex) (July 1992) 



page 2 of 2 



